Ahrensia marina sp. nov., a dimethylsulfoniopropionate-cleaving bacterium isolated from seawater, and emended descriptions of the genus Ahrensia and Ahrensia kielensis , was isolated from bottom seawater of the East China Sea. The isolate required sea salts for growth and grew optimally at pH 8.0 and 28 8C and in the presence of 2 % (w/v) NaCl. The major fatty acid (.10 %) was summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and the major polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, one unidentified aminolipid and one unidentified glycolipid. Ubiquinone Q-10 was the only quinone detected. Phylogenetic analyses based on 16S rRNA and atpD gene sequences placed LZD062
, was isolated from bottom seawater of the East China Sea. The isolate required sea salts for growth and grew optimally at pH 8.0 and 28 8C and in the presence of 2 % (w/v) NaCl. The major fatty acid (.10 %) was summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and the major polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, one unidentified aminolipid and one unidentified glycolipid. Ubiquinone Q-10 was the only quinone detected. Phylogenetic analyses based on 16S rRNA and atpD gene sequences placed LZD062
T within the genus Ahrensia of the family Phyllobacteriaceae in the class Alphaproteobacteria. The most closely related type strain was, in both cases, Ahrensia kielensis JCM 20689 T (5IAM 12618 T 5DSM 5890 T ), which gave sequence similarities of 97.7 % in the 16S rRNA gene and 90.4 % in the atpD gene. Genome relatedness between strain LZD062 T and A. kielensis JCM 20689 T was computed using both genome-to-genome distance analysis and average nucleotide identity, giving values of 22.10¡2.35 and 79.55 %, respectively. The genomic DNA G+C content calculated from the genome sequence was 50.1 mol%. On the basis of our polyphasic analyses, strain LZD062 T is considered to represent a novel species of the genus Ahrensia, for which the name Ahrensia marina sp. nov. is proposed. The type strain is LZD062 T (5MCCC 1K00254 The organic osmolyte dimethylsulfoniopropionate (DMSP), mainly produced by marine algae in the oceans and their margins, is ubiquitous in surface seawater and is a key molecule in marine food webs. After being released from its producers by zooplankton predation or virus-induced lysis (Stefels et al., 2007) , DMSP can be utilized by many marine microbes as their carbon and sulfur source. Some microbes termed Ddd + (DMSP-dependent DMS) bacteria (Todd et al., 2007; Curson et al., 2008) are able to cleave DMSP through the action of DMSP lyases to produce a volatile sulfur compound, dimethylsulfide (DMS) that plays an important role in climate regulation (Vallina & Simó , 2007) and the global sulfur cycle (Sievert et al., 2007) .
In the course of isolating and screening Ddd + bacteria from marine environments, a Ddd + bacterial strain, designated LZD062 T , was isolated from offshore bottom seawater (depth 59 m) of the East China Sea at station ME3 (288 449 N 1228 359 E) during an expedition of the R/V Dong Fang Hong 2 in July 2013. Comparative 16S rRNA gene sequence analysis showed that this strain was most closely related to members of the genus Ahrensia, which belongs to the family Phyllobacteriaceae within the class Alphaproteobacteria (Mergaert & Swings, 2005 . To date, the genus Ahrensia, proposed by Uchino et al. (1998) , contains a single recognized species, Ahrensia kielensis, the type strain of which was isolated from seawater of the Baltic Sea. The aim of the present study was to determine the exact taxonomic position of strain LZD062 T using a polyphasic taxonomic approach.
For isolation, serial dilutions of seawater samples were spread onto marine agar 2216 (MA; Becton Dickinson) and incubated at 28 8C for 7 days. A light-beige colony, designated strain LZD062 T , was isolated and subsequently purified three times on MA at 28 8C. Working cultures were routinely maintained on MA at 28 8C and stocks were preserved at 280 8C as a suspension in sterile 0.85 % (w/v) saline supplemented with 15 % (v/v) glycerol. According to the initial phylogenetic analysis, strain LZD062
T shared the highest sequence similarity and formed a robust phylogenetic clade with the type strain of A. kielensis, so A. kielensis JCM 20689 T (5IAM 12614 T 5DSM 5890 T ) was obtained from the Japan Collection of Microorganisms and used as a reference strain; it was cultured under the same conditions as strain LZD062
T [MA/marine broth 2216 (MB; Becton Dickinson), 28 8C], unless otherwise specified.
Gram staining and flagellum staining were carried out using standard methods (Beveridge et al., 2007) . Cell morphology was determined by transmission electron microscopy (JEM-1200EX; JEOL) after cells had been negatively stained with 1 % (w/v) phosphotungstic acid. All of the following phenotypic tests were carried out on both strain LZD062 T and the reference strain A. kielensis JCM 20689
T . Endospore formation in cells grown on MA was investigated with malachite green staining (Dong & Cai, 2001) . The temperature range for growth was determined on MA plates incubated at 10, 16, 20, 24, 28, 32, 37 and 42 8C for 1 week and at 0 and 4 8C on MA for 4 weeks. Growth with NaCl as the sole salt and the requirement for sea salts were investigated in MB (made with distilled water instead of seawater) supplemented with 0, 0.5 and 1-10 % (w/v, in increments of 1 %) NaCl or sea salts, respectively. Salinity tolerance and pH range for growth were investigated in 96-well microplates by measuring the OD 590 . In salinity-tolerance experiments, modified artificial seawater, with sodium salts replaced by the appropriate potassium salt, was used to prepared synthetic marine ZoBell broth [5 g Bacto peptone, 1 g yeast extract and 0.01 g FePO 4 in 1 l modified artificial seawater (Lyman & Fleming, 1940) ] with NaCl concentrations adjusted to 0, 0.5 and 1-15 % (w/v, in increments of 1 %). The range of pH for growth was determined in MB adjusted to pH 5.0-10.0 at intervals of 1 pH unit using the following buffer systems (each at 50 mM): MES (pH 5.0-6.0), MOPS (pH 7.0), Tricine (pH 8.0), TAPS (pH 9.0) and CAPS (pH 10.0). Anaerobic growth was determined on MA with cysteine (0.01 %, w/v) added as a reductant and resazurin (0.02 %, w/v) added as an anaerobic indicator, after incubation in an anaerobic jar filled with nitrogen and a packet of AneroPack-Anaero (Mitsubishi Gas Chemical) at 28 8C for at least 1 month. The following phenotypic tests were carried out according to standard approaches (Tindall et al., 2007) except that sterile seawater was used instead of distilled water: activities of catalase and oxidase and hydrolysis of starch, CM-cellulose, casein, gelatin and Tweens 20, 40 and 80 (method 2; Tindall et al., 2007) . DNase activity was examined using DNase agar (Qingdao Hope Bio-technology Co.) according to the manufacturer's instructions. Degradation of chitin was examined on chitin agar made with sterile seawater (Hsu & Lockwood, 1975) .
To analyse bacterial DMSP-cleaving ability, strain LZD062 T and A. kielensis JCM 20689 T were first grown overnight in MB. Bacterial cultures were then washed twice with MAMS medium (Raina et al., 2009) , adjusted to the same OD 600 and then added to MAMS medium containing a final concentration of 1 mM DMSP (TCI) in addition to the 'regular' carbon sources 2.5 mM glucose (Sinopharm) and 2.5 mM glycerol (Sinopharm). Bacterial cultures were incubated with shaking in 10 ml vials (CNW) at 28 8C for 24 h. Total DMS produced in the vials was quantified by gas chromatography (GC 2014; Shimadzu) using the purge and trap method described by Zhang et al. (2008) against a medium control and a culture control without added DMSP. Total protein content in the cells was estimated using the standard Bradford method (Bradford, 1976) and the rate of DMS production was expressed in nmol DMS produced per mg protein.
To detect cell pigment, cell mass of strain LZD062
T and A. kielensis JCM 20689 T was collected from 30 ml culture grown in liquid medium containing (l 21 ) 3 g peptone, 0.5 g yeast extract and varied amounts of sea salts (6, 10 or 30 g) after incubation at 28 8C for 48 h and cell pigment was extracted with 3 ml acetone/methanol (7 : 2) according to the method described by Biebl et al. (2006) . The absorption spectrum of the extracts was determined at 400-900 nm with a UV-visible spectrophotometer (TU-1810; Beijing Purkinje General Instrument Co.). Other biochemical properties, nutritional tests and constitutive enzyme activities of strain LZD062
T were investigated after growth on MA at 28 8C for 2 days by using API 20E, API 20NE, API 50CHB/E, API ZYM strips (bioMér-ieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions except that sterile seawater was used to prepare the inocula.
Cells of strain LZD062
T were Gram-stain-negative, rodshaped (1.5-3.5 mm long and 0.6-0.8 mm in diameter after culture on MA for 12 h at 28 8C), non-spore-forming and motile with peritrichous flagella (Fig. S1 , available in the online Supplementary Material). NaCl alone did not support growth, and sea salts were required. No detectable pigment was found. Both strain LZD062
T and A. kielensis JCM 20689 T were able to produce DMS from DMSP during growth, though the DMS production rate of LZD062 For fatty acid analysis, cell mass of strain LZD062 T and A. kielensis JCM 20689
T was obtained after cultivation on MA at 28 8C for ,48 h until the bacterial communities reached the late exponential stage of growth according to the four-quadrants streak method (Sasser, 1990) . Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.10), and then identified by comparison with the TSBA6.0 database included in this system (Sasser, 1990) . For analyses of polar lipids and respiratory quinones, cell mass were harvested from MB after incubation at 28 8C for 48 h and freeze-dried.
Polar lipids of strain LZD062
T and A. kielensis JCM 20689 T were extracted according to Minnikin et al. (1984) , separated by two-dimensional TLC on silica gel 60 F 254 plates (Merck) and identified by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) . The respiratory quinone of strain LZD062
T was extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Xie & Yokota (2003) .
The fatty acids (.1 % of the total fatty acids) of strain LZD062
T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 80.8 %), 11-methyl C 18 : 1 v7c (5.3 %), C 12 : 0 3-OH (4.4 %), C 16 : 0 (4.2 %), C 18 : 0 (3.8 %) and summed feature 7 [one or more of C 19:1 v6c, C 19 : 0 cyclo v10c and an unknown fatty acid with an equivalent chain-length (ECL) of 18.846; 1.6 %]. The fatty acid profile of strain LZD062
T was essentially similar to that of A. kielensis JCM 20689
T except for some minor difference in the fatty acid components and the proportions of some fatty acids ( T comprised phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine (PME), one unidentified aminolipid (AL) and one unidentified glycolipid (GL), which was remarkably similar to that of A. kielensis JCM 20689
T . However, the relative positions of PC in these two strains were different in the two-dimensional TLC (Fig. S2) , suggesting that different types of PC might be present in strain LZD062
T and A. kielensis JCM 20689 T . The only isoprenoid quinone detected in strain LZD062
T was ubiquinone 10 (Q-10), in agreement with A. kielensis JCM 20689 T (Uchino et al., 1998) and members of other closely related genera of the family Phyllobacteriaceae, such as Pseudahrensia, Hoeflea and Phyllobacterium (Peix et al., 2005; Jung et al., 2012; Sánchez et al., 2014) .
Whole-genome sequencing was attempted for strain LZD062 T , and the draft genome sequence of A. kielensis JCM 20689
T was retrieved from the Shotgun Assembly Sequences database (accession no. ARFW00000000) in NCBI. Genomic DNA of strain LZD062
T was extracted using an E.Z.N.A. Bacterial DNA kit (Omega). Genome sequencing was performed using the Illumina HiSeq 2000 sequencer system and assembled using SOAPdenovo version 2.04. Gene prediction was processed using Glimmer 3.02. The features of the draft genome of strain LZD062 T are summarized in Table S1 .
For phylogenetic analyses of the 16S rRNA gene and the atpD (ATP synthase b-subunit) gene, the complete 16S rRNA gene sequence (1474 nt) and atpD gene sequence (1542 nt) of strain LZD062
T were retrieved from its draft genome sequence. The sequences obtained were compared with those from GenBank using the BLASTN program (Altschul et al., 1990) and 16S rRNA gene sequences were also compared with those from the EzTaxon database (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Sequences were aligned using CLUSTAL X 1.8 (Thompson et al., 1997) . Phylogenetic trees of the 16S rRNA gene and atpD were reconstructed based on the neighbour-joining algorithm (Saitou & Nei, 1987) . The maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms were also used for the 16S rRNA gene. Genetic distances were calculated by using Kimura's two-parameter model (Kimura, 1980) for the neighbour-joining and maximum-likelihood trees. The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein (1981) with 1000 replicates. MEGA5 software (Tamura et al., 2011) was used for all analyses.
Phylogenetic analysis of the 16S rRNA gene sequence indicated that strain LZD062
T exhibited the highest pairwise similarity to A. kielensis JCM 20689 T (97.7 %). The 16S rRNA gene sequence similarity between strain LZD062 T and other related type strains in the genera Phyllobacterium, Pseudahrensia, Nitratireductor and Hoeflea was below 95.6 %. Phylogenetic analyses based on the neighbour-joining (Fig. 1) , maximum-likelihood (Fig. S3) and maximum-parsimony (Fig. S4) T , forming a separate branch supported by a bootstrap resampling value of 100 % (Fig.  S5) . The atpD gene sequence similarity between these two strains was 90.4 %. This relatively low value suggested that strain LZD062
T could represent a novel species of the genus Ahrensia (Flores-Félix et al., 2013) . Analysis of the predicted AtpD amino acid sequences also showed that strain LZD062
T clustered with A. kielensis JCM 20689 T (data not shown). Within the aligned fragments, the predicted AtpD amino acid sequence from strain LZD062 T had one difference from that of A. kielensis JCM 20689 T . This difference was similar to those found among several different species of closely related genera, such as species of Phyllobacterium and Mesorhizobium (Flores-Félix et al., 2013) . Therefore, analysis of the predicted AtpD amino acid sequence supports the hypothesis that strain LZD062
T represents a novel species of the genus Ahrensia.
For investigation of genome relatedness, average nucleotide identity (ANI) was calculated using the EzGenome website (http://www.ezbiocloud.net/ezgenome/ani) following the BLAST-based ANI calculation method described by Goris et al. (2007) . Genome-to-genome distance analysis (GGDA) was performed by the genome-to-genome distance calculator (GGDC 2.0; http://ggdc.dsmz.de/ distcalc2.php) (Auch et al., 2010a, b; Meier-Kolthoff et al., 2013) . The ANI calculated for the estimation of pairwise genome-based relatedness between strain LZD062 T and A. kielensis JCM 20689 T was 79.55 %, which is well below the ANI cut-off values (95-96 %) proposed for delineating bacterial species (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 ). Consistent with this observation, DNA-DNA hybridization estimated by GGDC was 22.10¡2.35 % between strain LZD062 T and A. kielensis JCM 20689
T , indicating that strain LZD062 T represents a distinct species of the genus Ahrensia (Rosselló -Mora & Amann, 2001). The genomic DNA G+C contents of strain LZD062
T and A. kielensis JCM 20689 T were calculated directly from the genome sequences. The genomic DNA G+C content of strain LZD062
T was determined to be 50.1 mol%, a value that was higher than but close to that of A. kielensis JCM 20689 T (48.1 mol%; Table 1 ).
The major features of strain LZD062 T , including colony morphology, the presence of catalase and oxidase activities, hydrolysis of Tween 20, the respiratory quinone, the major cellular fatty acid, the polar lipid profile and the DNA G+C content, were in line with those of the type and only species of the genus Ahrensia. Furthermore, phylogenetic analyses based on the 16S rRNA and atpD genes also showed that strain LZD062
T belongs to the genus Ahrensia. However, relatively low levels of 16S rRNA and atpD gene sequence similarity to the type strain of A. kielensis, together with the low levels of estimated DNA-DNA hybridization and ANI between the genomes of these two strains, strongly implied that strain LZD062
T represents a novel species in genus Ahrensia. Moreover, a number of differences in phenotypic characteristics, including flagellum position, temperature, NaCl and pH ranges (optima) for growth, sea salts requirement, constitutive enzyme activities (Table 1) , the composition and proportions of the fatty acid profile (Table 2 ) and the type of PC present, could also distinguish strain LZD062
T from A. kielensis JCM 20689 T . On the basis of phenotypic characteristics and phylogenetic inference, strain LZD062
T is assigned to the genus Ahrensia as a representative of a novel species, for which the name Ahrensia marina sp. nov. is proposed. In addition, emended descriptions of the genus Ahrensia and Ahrensia kielensis are also proposed on the basis of new data obtained in this study.
Phyllobacterium catacumbae CSC19
T (AY636000)
Phyllobacterium ifriqiyense STM370 T (AY785325)
Phyllobacterium loti S658 T (KC577468)
Phyllobacterium trifolii PETP02 T (AY786080)
Phyllobacterium bourgognense STM201 T (AY785320)
Phyllobacterium brassicacearum STM 196 T (AY785319)
Phyllobacterium endophyticum PEPV15 T (JN848778)
Pseudaminobacter salicylatoxidans BN12 T (AF072542)
Mesorhizobium alhagi CCNWXJ12-2 T (EU169577)
Mesorhizobium ciceri UPM-Ca7 T (U07934)
Mesorhizobium tamadayense Ala-3 T (AM491621)
Mesorhizobium metallidurans STM 2683 T (AM930381)
Mesorhizobium tianshanense A-1BS T (AF041447)
Nitratireductor basaltis J3 T (EU143347)
Nitratireductor aquibiodomus Emended description of the genus Ahrensia Uchino et al. 1999
The description is as given by Uchino et al. (1998) with the following amendments. Cells are motile by means of polar or peritrichous flagella. The polar lipid profiles of the type strains of the two known species consist of PG, DPG, PC, PE, PME, one unidentified aminolipid and one unidentified glycolipid. The DNA G+C content is 48.1-50.1 mol%.
Emended description of Ahrensia kielensis Uchino et al. 1999 The description is as given by Uchino et al. (1998) with the following amendments. Colonies are light beige, circular, slightly raised and smooth after incubation at 28 uC on MA for 2 days. Sea salts are not required for growth. Growth occurs at 4-37 uC (optimum 32 uC), but not at 0 or 42 uC. Growth is observed at pH 6.0-9.0 (optimum pH 7.0), but not at pH 5.0 or 10.0. Growth occurs in the presence of 0-7 % (w/v) NaCl (optimum 3 %). DMSP is cleaved into DMS. Tween 20 is hydrolysed, but Tweens 40 and 80, starch, CM-cellulose, chitin, casein, DNA and gelatin are not. The polar lipid profile is as detailed in the emended genus description.
Description of Ahrensia marina sp. nov.
Ahrensia marina (ma.ri9na. L. fem. adj. marina of the sea, marine).
Displays the following properties in addition to those given in the emended genus description. Cells are Gram-stainnegative, strictly aerobic, rod-shaped and motile with peritrichous flagella. Cells are approx. 1.5-3.5 mm long and 0.6-0.8 mm in diameter after incubation at 28 uC on MA for 12 h. Colonies on MA are 0.8-1.2 mm in diameter, light beige, circular, slightly raised, smooth and opaque with an entire margin after incubation on MA for 2 days at 28 uC. Sea salts are required at a concentration of at least 0.5 %. Growth occurs at 10-37 uC (optimum 28 uC), at pH 7.0-9.0 (optimum 8.0) and in presence of 0-10 % (w/v) NaCl (optimum 2 %, w/v). DMSP is cleaved into DMS. Oxidase and catalase are positive. Tween 20 is hydrolysed; Tweens 40 and 80, starch, CM-cellulose, chitin, casein, DNA and gelatin are not. No pigment is produced. In API 20E and API 20NE strips, there is only one positive result, for b-galactosidase activity, and one weakly positive result, for aesculin hydrolysis; negative results are obtained for all other tests. According to the results of the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, trypsin and naphthol-AS-BI-phosphohydrolase activities are present; lipase (C14), valine arylamidase, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. In the API 50CHB/E strip, weakly positive for aerobic acid production from 
